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Water balanceAbstract This paper assesses impact of the Renaissance Dam on Ethiopia; on the Nile discharge
ultimately reaches Egypt downstream. The Landsat-8 satellite images of 2013 were obtained and
interpreted to identify locations for the construction sites for the Renaissance Dam. Then the Shut-
tle Radar Topography Mission (SRTM) data were obtained and processed to create a digital ele-
vation model (DEM) for the Blue Nile upstream areas that will be submerged. Different
scenarios for the dams’ heights and resulting storages were simulated to estimate the resulting
abstraction of the Blue Nile ﬂows until completion of the project and the annual losses due to evap-
oration thereafter. The current site (506 m asl) for the Renaissance Dam allows the creation of a
100 m deep reservoir with a total storage of 17.5 km3; overﬂows will occur at that lake’s level
(606 m asl) from the north western part of the developed lake into Rosaires downstream. Construc-
tion of the spillway dam to control the overﬂow area can allow the creation of a 180 m deep lake
that store up to 173 km3 in a lake that will cover 3130 km2. The analysis of Tropical Rainfall Mon-
itoring Mission (TRMM) suggests that the variation of total annual rainfall could reach 20%, thus
the resulting hydrological ﬂuctuations could affect the estimated ﬁlling time, the operational func-
tions and discharge downstream. The negative hydrological impacts of the Renaissance Dam will
increase by increasing the height of its spillway dam, as increasing the storage capacity could affect
the strategic storage for the reservoirs in Egypt and Sudan. It is strongly recommended that an
agreement should be reached to compromise the storage capacities and water supplies for all dams
on the Nile to thoroughly satisfy the necessary needs.
 2014 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/3.0/).1. Introduction
It is understood that the hydrology of large transnational river
basins not only receive intensive academic research, but also
66 M. El Bastawesy et al.attract widespread public, political, and economical concern
(Beschorner, 1992; Allen, 2002). Yet, the countries of the Nile
basin have not fully ratiﬁed a common water master plan, due
to the conﬂict of interest, current and projected needs of water,
lack of data, cooperation, etc. The diversity of hydrological
processes within the Nile basin makes it extremely difﬁcult to
implement a common master plan for the entire basin (Said,
1993). The Nile is composed of several tributaries draining
the Ethiopian Plateau and the Equatorial Lake Plateau
(Williams et al., 2006). Interestingly, the Ethiopian catchments
of the Nile (i.e. the Blue Nile and Atbara River) are contribut-
ing most of the annual ﬂow to the Nile, and the net discharge
of the Equatorial catchments into the White Nile is compara-
tively low, however receiving more or less similar rainfalls and
covering greater surface areas (Tate et al., 2009). Moreover,
the Nile course north of Atbara in Sudan receives no tributary
ﬂows. Thereafter, hydrology is dominated by abstraction due
to inﬁltration, evapo-transpiration and different human activ-
ities such as irrigation. Therefore, the substantial management
of the River Nile upstream is critical for downstream coun-
tries, particularly Egypt where the demand for water is increas-
ing rapidly (El Bastawesy et al., 2013a; Ali, 2014; El
Bastawesy, 2014). The gap could be narrowed by the imple-
mentation of regional agreements, which integrate research,
social and economic strategies. For example, 11 riparian States
(including South Sudan as of July 2011) of the Nile system are
working toward a new agreement (the Nile Basin Initiative)
which calls for the fair and just utilization of the Nile water
resources across the basin and for the maximization of efﬁcient
management of the river basin.
In situ observations of hydrological parameters in the Nile
basin are sparse. For example, measurements of rainfall are
not available for large areas, and this is a major problem
because of the very high spatial variability of rainfall in the
basin (e.g. Yin and Nicholson, 1998), limiting the accuracy
of estimates of hydrological inputs to the system. The dis-
charges are available at a few key stations along the Nile,
but the releases from several dams (particularly those recently
constructed) are not published. The ﬂuctuations of rainfall,
lake and swamp levels, and resulting discharge are not uncom-
mon, and the successful management of the Nile water needs a
better understanding and more measurements of these hydro-
logical variables (e.g. Sutcliffe and Parks, 1999; Said, 1993).
These in situ measurements can be complimented by remote
sensing – observations that are temporally and spatially homo-
geneous. Straightforward, the variable Landuse and landcover
parameters are increasingly being determined by remote sens-
ing techniques (Xinmei et al., 1995). Many of the existing plat-
forms have been founded for measuring hydrological
variables. These include the estimation of rainfall using multi-
tude of sensors and platforms such as the Tropical Rainfall
Monitoring Mission (TRMM) (e.g. Almazroui, 2011;
Nicholson et al., 2003). The estimation of lake level ﬂuctua-
tions can also be achieved using satellite altimeter data such
as the Topex/Poseidon mission, and the Gravity Recovery
and Climate Experiment (GRACE) satellite mission (e.g.
Awange et al., 2007; Birkett, 1995; Sutcliffe and Petersen,
2007; Swenson and Wahr, 2009). Therefore, multitude of
remote sensing data can be elaborated to estimate quantitative
hydrological variables for the catchments.
Additionally, the availability of semi-global digital eleva-
tion models (DEM) with moderate resolution such as theShuttle Radar Topography Mission (SRTM) has allowed for
the ﬁrst time the extraction of drainage networks for the
trans-boundary Rivers that almost lack coverage of consistent
topographic maps with appropriate scale (Yang et al., 2011).
The automatic delineation of catchment-hydrographic param-
eters from the DEM has gradually replaced the traditional
manual delineation of these parameters from the conventional
topographic maps regardless of the technical issues that may
arise from the processing techniques or resolution of the
DEM (Band, 1986; Chorowicz et al., 1992; Zhang and
Montgomery, 1994; Wolock and Price, 1994; El Bastawesy,
2007; El Bastawesy et al., 2008).
The aim of this study is to develop a scenario of the reser-
voir of the dam being constructed on the Blue Nile in Ethiopia
near the Sudanese border. This simulation will help assess
impact of the dam on the net annual discharge downstream
as other dams are being towered and constructed on the Nile,
and additional agricultural areas are being irrigated from the
Nile in Sudan as well as Egypt. There are three objectives
required to achieve this goal. Firstly, to analyze the hydrology
and rainfall of the Blue Nile basin, and to investigate the geo-
morphology of the reconnaissance dam’s area. Secondly, to
create the rating curves for the lake at different possible eleva-
tions given the appearance of construction sites on the satellite
images and the availability of DEM for the area that will be
ﬂooded by the Reconnaissance Lake. Thirdly to use this model
to simulate and assess the effect of various scenarios on water
balance downstream, and to recommend alternative options to
enhance the water security of the downstream countries in the
Nile basin.
2. Study area
The Nile is the world’s longest river, with a total length of
6670 km and draining a catchment area of 3.2 million km2.
The Equatorial Lakes plateau in Uganda is drained by tribu-
taries forming the White Nile, which joins the Blue Nile (orig-
inating from the Ethiopian Highlands) at Khartoum. River
Atbara is another major tributary of the Nile system, which
also has its headwater on the Ethiopian plateau and joins the
main Nile course at Atbara to the north of Khartoum. There-
after, the Nile ﬂows through the Saharan Desert without any
signiﬁcant tributaries (Fig. 1) (Williams, 2009).
The catchment of the Blue Nile and its tributaries covers
approximately 250,000 km2 in the Ethiopian Plateau, and it
captures further tributaries of the Sudan and thus equates
324,000 km2 at its conﬂuence with the White Nile in Khar-
toum. The Blue Nile is carved into the Ethiopian plateau,
which rises at elevations of 2000–3000 m above mean sea level,
with several peaks up to 4000 m or more. Geologically, the
Ethiopian Plateau constitutes a major part of the East African
Rift System, which began at the end of the Cretaceous, and led
to the formation of the Red Sea and the Main Ethiopian Rift
(McConnel, 1972). The oldest rocks exposed in the Blue Nile
basin are the Precambrian basement rocks, which are mainly
acidic to basic rocks including quartzites, granites, granodio-
rite gneisses, diorite, metasediments and metavolcanics
(Wolela, 2012). These are overlain unconformably by a
Permo–Triassic ‘‘Karroo’’ succession which is around 450 m
thick, interpreted as a succession of alluvial fan and ﬂuviatile
deposits. The Karoo succession is unconformably overlain
Figure 1 Location map of the study area, catchment of the Nile basin is indicated by cross-hatching pattern; the catchment
morphometry is derived from the GTOPO30 data (www.eros.usgs.gov).
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Adigrat Sandstone Formation) mainly composed of conglom-
erates, sandstones, siltstones and mudstones. Overlying the
Adigrat Sandstone Formation is a 50 m thick transition zone
of alternating shales, limestones, sandstones, dolostones and
evaporites. This is overlain by the transgressive limestone for-
mations of the Middle Jurassic to the Lower Cretaceous, which
reach a maximum thickness of 1140 m in the Blue Nile area
(Bosellini, 1989). The volcanic rocks of the Oligocene–Quater-
nary are laying un-conformably on the Mesozoic and older
rock units (Korme et al., 2004).
The plateau is mainly covered by grassland and some decid-
uous forests due to the seasonal nature of rainfall, while the
main land use is dominated by grazing, ranching, cultivation
and mixed farming. Lake Tana is also one of the main hydro-
logical features on the Ethiopian plateau and it approximately
covers 3000 km2 and the fringes are occupied by swamps that
are being affected by the seasonal ﬂuctuation of the lake level.
The Gilgil Abay is the main river feeding Lake Tana, and the
Blue Nile emerges from Tana Lake at Bahir Dar, where itmakes a 150 km radius loop around the Oligocene–Quaternary
volcanic shield of Mount Choke (4070 m asl) by ﬂowing ﬁrst
southeast, then south, then southwest. For a long distance
from Tana, the Blue Nile ﬂows through a canyon (i.e. Gorge
of the Nile), in some places 1200 m deep. This canyon is carved
into the Mesozoic sedimentary rocks, which constitute the
ﬂanks of Afar Depression and the Ethiopian Rift Plateau.
Thereafter, the Blue Nile continues traveling northwestward
toward the low land of the Sudan (i.e. El-Diem) where it is bor-
dered by the Precambrian basement rocks (Gani and
Abdelsalam, 2006). Overall, the Blue Nile is approximately
900 km long in Ethiopia, and is augmented by several tributary
rivers along its entire course. Most of these tributary streams
are perennial though highly seasonal in their ﬂows. For exam-
ple, the Didessa and Dabus, draining the southwestern part of
the basin adjacent to the Baro, contribute signiﬁcant fractions
(over a third) of the total ﬂow, especially at the start and the
end of the runoff season. The wetlands in the Dabus sub-basin
occupy about 900 km2 and have a considerable effect on the
resulting runoff (Conway, 1997). The lower part of the basin
68 M. El Bastawesy et al.(downstream of the Rosaires, which is a main reservoir storing
Blue Nile waters for irrigation within Sudan) in the Sudan is
underlain by alluvium plain (The Gezira plain), which is lar-
gely covered with savannah and some shrubs. It generally
slopes west with an average elevation of 700 m asl. and the
river is little below the surroundings, but some areas are usu-
ally inundated during the ﬂood season. Nowadays, large areas
of the Gezira plain have been converted into perennial irriga-
tion. Two major seasonal tributaries (the Dinder and Wadi
Medani) conﬂuence with the Blue Nile in Sudan. The long-
term mean annual ﬂow of 48.658 km3 at Rosaires/El Deim,
records also shows a considerable variation from low annual
totals of 20.69 km3 in 1913 and 29.65 km3 in 1984, to high
totals of 69.67 km3 in 1917 and 69.85 km3 in 1929.
The seasonal distribution of ﬂows is very marked, with
maximum monthly ﬂows averaging 15.23 km3 in August con-
trasting with 0.32 km3 in April. The bulk of the runoff (84%
on average) occurs between June and October. The average
ﬂow recorded at the mouth of the Dinder (1907–1960) is
3.086 km3, and the average ﬂows for the Rahad are
1.145 km3 (1908–1960) and 1.044 km3 (1961–1997). There are
considerable losses from these highly seasonal two rivers as
the average upstream records for the Dinder during same per-
iod was 2.374 km3.
3. Data and methods
Calculation of the storage capacities for a reservoir of the dam
requires multiple datasets that approximately deﬁne location,Figure 2 A subset of Landsat-8 composed of the multispectral bands
Dam’’ and its spillway dam.height, the areal extent of the lake and its depths (i.e. bathym-
etry). Of course the surface extent and spatially variable depths
for the developed lake will markedly vary at different opera-
tional levels of the dam. Realistically, scenarios of different
heights for the dam and the resulting lake levels should be
modeled, in order to estimate the storage capacities and their
impact on the hydrology downstream. But the estimation of
maximum storage capacity for the reconnaissance dam
receives a particular concern from the public as well as hydrol-
ogists, due to its anticipated affect on the Egyptian water sup-
plies. The appearance of construction site for the dam on the
Landsat 8 satellite image of the 28th of May 2013 has provided
the ﬁrst key data on the dam location (Fig. 2). The SRTM
DEM tiles were separately pre-processed and then mosaicked
in order to be used for the analysis of the reservoir parameters.
The pre-processing has started with assigning an elevation
value for each pixel whose value is 32768. Then the DEM
was ‘ﬁlled’ in order to modify values of the artifacts to their
neighboring pixels, thus increasing the accuracy of deriving
hydrologically-correct parameters from these DEM (Mark,
1984). The extracted drainage networks from the DEM
required the calculation of ‘ﬂow direction’ from the ‘ﬁlled’
DEM, and the calculated’ ﬂow accumulation’ from the ‘ﬂow
direction’ grid (Band, 1986). The resulting drainage networks
and associated sub-catchments were overlaid on the satellite
images to check that they correspond to visible wadis and
streams (Wise, 2000). This comparison is necessary to ensure
the accuracy of DEM in simulating the topographic relief
and thus, the resulting lake shapes and geometry at various(3,5,7) in (R,G,B) respectively shows locations of the ‘‘Renaissance
Figure 3 The SRTM DEM for same area shown in Fig. 2, it shows the main topographic reliefs and ﬂow pathways composing the lower
part of the Blue Nile.
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assured for its accuracy in the hydrological analysis, the main
dam and the spillway dam were added as ‘barrier’ on the
DEM, and these barriers were assigned speciﬁc elevations at
various scenarios (Fig. 3). The rating curves for the reservoir
were estimated and the resulting net annual loss due to evapo-
ration from the lake surface was also estimated.
4. Results
The catchments of the Blue Nile were delineated from the
SRTM3 DEM and location of the Renaissance Dam and its
spillway dam being constructed were delimited from recent
satellite images and hydrometric data averaged from the avail-
able literature. For the sake of simplicity, the estimated aver-
age annual runoff discharge at Rosaires was set to 49 km3,
and the annual evaporation loss from the lake surface is
924 mm (Sutcliffe and Parks, 1999). Topography of the
Renaissance Dam area and its upstream varies in elevation
from 506 m to 1777 m asl. The construction site of the main
dam is a narrow ﬂoodplain area, which is bounded by two high
shoulders (1222 and 945 m asl) of the massive basement rocks.
Basically, the construction of the dam at this site (506 m asl)
can only support a lake with a maximum depth of 100 m
(i.e. maximum lake level is 606 m asl). This is because the lake
at 606 m asl level will spill over its shore line into the Roseries
downstream through a southwestern tributary wadi apart from
the main course of the Blue Nile (Fig. 4). This is why thespillway dam is being constructed to the west of the Renais-
sance Dam to control the overﬂow and to raise the storage
capacity of the main dam. Straightforward, the Renaissance
dam alone could not support the creation of a reservoir deeper
than 100 m, but the construction of auxiliary dam in the saddle
area between the hillslopes in the western side of the Blue Nile
will allow the construction of a main dam taller than 100 m
above the ﬂoodplain level. Again, the spillway dam can be
80 m tall at maximum, as another overﬂow will occur at the
level of 686 m asl and thus require a second spillway dam at
that site further upstream.
The GIS-simulated reservoir of the Renaissance Dam at the
level of 606 m asl (i.e. maximum water depth is 100 m) showed
that the lake will cover approximately 745 km2, and the stored
water volume would reach km3. Indeed, the abstraction of
17.5 km3 of water to ﬁll the reservoir will affect the net annual
discharge downstream that will continue until the completion
of the dam. The impact will be directly related to the length
of the construction period and the strength of summer ﬂooding
seasons within the basin during the project duration. The
impact of downstream will be lesser with longer duration of
construction and stronger ﬂooding season, and vice versa.
Additionally, the construction of spillway dam will deﬁnitely
increase the storage capacity and resulting net annual evapora-
tion loss due to the increasing of surface area. For example, the
erection of a 30 m tall spillway dam will allow the Renaissance
Dam to reach 130 m tall, thus storing 56 km3 of water in the
developed lake that will cover approximately 1560 km2.
Figure 4 Simulation of the resulting lake when the Renaissance Dam is approximately 100 m tall (i.e. maximum lake depth). The lake
will store up to 17.5 km3 of water and it will cover 745 km2.
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Dam by the Ethiopian Power Company, the Renaissance
Dam will stand at 147 m height and the spillway dam will be
of 45 m tall, and the storage capacity will reach 74 km3
(http://www.eepco.gov.et/abouttheproject.php?pid=1&pca-
tid=2) (Fig. 5). Table 1 shows the estimated storage capacity
and surface extent of the resulting lake at selected scenarios.
5. Variation of rainfalls
The annual variation in the produced ﬂows from the Blue Nile
System, reﬂects a great deal of temporal and spatial changes in
the climatic parameters, particularly precipitation. According
to the data available for 5 decades, it is estimated that annual
variation of rainfall is about 20% (Kebede et al., 2006). The
data available also suggest a strong seasonality in rainfall;
the rainy season covers only 3–5 months of the year, and
80% of the Blue Nile ﬂows occur during this period. Most
of the tributaries in the basin are drying out during the pro-
longed dry season (Conway, 2000). The analysis of TRMM
data for the Blue Nile catchment from 1998 to 2014 shows that
the variation in rainfall is in a good agreement with Kebede
et al. (2006) (Figs. 6 and 7).
Overall the average precipitation is 1082 mm and the runoff
coefﬁcient is 15% and evapotranspiration is 924 mm per year
(Sutcliffe and Parks, 1999). Due to the lack of spatially distrib-
uted hydrological data for the entire basin, the current study
will utilize the abovementioned hydrological parameters forthe numerical calculations of storage capacities for the Renais-
sance Dam, and its impact on the hydrology and societies
downstream, particularly in Egypt. It can be said that the
20% average variation of rainfall could accelerate or delay ﬁll-
ing of the reservoir, thus it will affect the proposed operational
strategies, and the volumes released downstream during the
construction period. Periodicity of rainfall average annual
average total was not observed in the TRMM data, and it is
hard to tell how the rainfall quantities will be during the few
coming years spanning the ﬁlling of Renaissance Dam.
6. Discussion
A thorough understanding of hydrological processes is neces-
sary for effective water management in trans-boundary river
basins, but this is a real challenge for the Less Developed coun-
tries, such as those linked by the Nile system (El Bastawesy
et al., 2013a). The riparian states of the Nile basin are working
toward a new agreement (the Nile Basin Initiative) which call
for the fair and just utilization of the Nile water resources
across the basin rather than to maximize efﬁcient management
of the river basin. Reaching a common framework of cooper-
ation is hindered by lack of data, diversity of water use and
need among different states, and conﬂict of the interest. The
announcement of any hydrological project such as building
dam for hydropower generation and/or water storage in the
upstream is always handled by the politicians due to the sensi-
tivity of water issues particularly for downstream of the Nile.
Figure 5 Comparison of two scenarios for the resulting lake if the Renaissance Dam is constructed 100 m tall (the red scale colours), and
146 m tall (the blue scale colours).
Table 1 The estimated rating curves for some scenarios of the
Renaissance Dam and its developed lake (the dam tall and
maximum lake depth are considered equivalent).
Maximum
lake depth (m)
Surface area
(km2)
Maximum
storage
capacity (km3)
Average annual
loss (km3) due to
evaporation
(924 mm/yr)
80 442 9.6 0.4
100 745 17.5 0.7
130 1560 56 1.4
146 1954 80.5 1.8
180 3130 173 2.9
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ipated impact are therefore of utmost importance to approxi-
mately identify the beneﬁts and negative impacts (Allen, 2002).
Remote sensing and DEM data have proved signiﬁcant for
monitoring ongoing dynamic changes in large surface water
bodies; extracting hydrological parameters, and modeling the
water balance (Drake and Bryant, 1994; El Bastawesy et al.,
2008; French et al., 2006). The use of this approach has been
driven by the increased availability of multi-temporal high
and moderate resolution satellite data, during the past three
decades. The accuracy of simulation and hydrological model-
ing is governed by the quality of used DEM, availability of
lengthy discharge and rainfall data for calibration and ground
truthing (e.g. Birkett, 1995). However, it should be noted thatsome limitations were encountered in the development of the
herein designed GIS model. The SRTM DEM is the elevation
data available for this area, and it was acquired in 2001 and the
reservoir is yet to develop. Therefore, simulated lake of the
dam at various levels has to be examined somehow for accu-
racy. The SRTM is the most consistent elevation data world-
wide as it was collected during a single mission with same
procedures (Bubenzer and Bolten, 2008; El Bastawesy et al.,
2013b). Consequently, the quantitative assessment of SRTM
quality in portraying the Nile basin reservoirs founded after
2001 is a signiﬁcant measure for the accuracy of current simu-
lation. There is a high degree of consistence and matching
between morphometry of Marwa Dam on the main Nile River
in Sudan as appears on recent satellite images of the Landsat 8,
and their counterparts simulated from the SRTM (Fig. 8).
Indeed, there is little discrepancy between the lake boundaries
on both data sets as the vertical accuracy of the DEM is mea-
sured by integer meters, while the actual lake level stands at
fractional units. However, this inevitable and minor discrep-
ancy between lake surface area and level estimation from
DEM and satellite images is slightly inﬂuencing the analysis.
Nonetheless, the coincidence of lakes surface area simulation
from the DEM and their counterparts on satellite images
exceeds 96%.
The anticipated negative impacts for the dam on down-
stream will be more pronounced for Egypt as it almost relies
on the Nile. The main concern is that the completion of this
project could occur over short duration and during a low-ﬂood
seasons. Consequently, the net annual discharge of the Blue
Nile downstream could be minimal, and the Nasser Lake could
also struggle to sustain the required water for all the Nile
Figure 6 Spatial and temporal variation of annual rainfall on the Blue Nile as estimated from the TRMM data for 1998, 2002, 2005 and
2008. There is a great deal of consistency of rainfall on southern and downstream tributaries.
72 M. El Bastawesy et al.Valley and its delta in Egypt. The situation is very risky as the
distributed data are available and the utilized hydrological
models cannot accurately assert the discharges during the com-
ing seasons. These negative hydrological impacts can only be
minimized if the dams are constructed over longer time period
and/or being compromised on speciﬁcations particularly the
tall parameter. On the other hand, the creation of Renaissance
Dam will be beneﬁcial in several economical and geo-environ-mental aspects. The clean and cheap hydropower energy will
help develop the economy of Ethiopia and the entire region.
The reservoir will act as a sediment trap, thus storage capaci-
ties and functionalities for the downstream reservoirs in Sudan
and Egypt will be improved. The major beneﬁt for creating an
additional reservoir on the Blue Nile could be appreciated dur-
ing the humanitarian crises arising from the recurrent drought
(Kebede et al., 2006).
Figure 7 Variance of total annual rainfall in Fig. 6. The rainfall data of 1998 was used as a baseline for comparison (zero), 2002 data in
displayed in red, 2005 is in yellow and 2008 is displayed in white.
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nations sharing the Nile in order to achieve sustainability
and development (Wittington et al., 2005). The abstraction
of huge water volume upstream of the Renaissance Dam on
the Blue Nile could be supplemented from the White Nile
catchments, which are occupied by immense and numerous
swamps. Although the White Nile only contributes less than
30% of the total annual ﬂows of the Nile River downstream
at Lake Nasser, the hydrological potential of the basin is
promising and can be developed (El Bastawesy et al., 2013a).
One of the early pioneer projects known as ‘‘the Jonglei Canal
Project’’ was initiated to save some of the water loss into the
Sudd swamps of the White Nile basin. The aim was to con-
struct a 280 km channel (in the ﬁrst phase) to bypass the
swamp area between Jonglei and Malakal, in order to save
4.7 billion cubic meters of water from loss into the Sudd.
The digging of the canal began in June 1978, but unfortunately
it came to a halt in 1983 as a result of civil war in the region
(Said, 1993). An additional project was also proposed to
improve the water discharge and optimize management of land
resources in the Equatorial Lakes area for the beneﬁt of the
Nile basin partners (El Bastawesy et al., 2013a). Lake Kioga
has a very high potential for this scheme, it is a large shallow
swamp, which covers an area of 6,270 km2, with a catchment
of 75,000 km2. The total average rainfall is estimated at
1500 mm per year, and the annual evaporation is 1290 mm,
while the net annual and unregulated overﬂow from the lake
at Murchison falls into Lake Albert (including that received
from Lake Victoria) is 22.5 km3. These swamps can be drained
due to the large difference in elevation between Kioga
upstream and Albert downstream. The resulting increase in
discharge ﬂows can be used to generate electricity at the Mur-
chison Falls and providing more discharge downstream.
Draining a considerable part of the Kioga swamp will alsoexpand and improve agricultural productivity in the area as
drainage will be enhanced. Such a project would, however,
demand more detailed feasibility studies, environmental
impact assessments, and enhanced international collaboration.
7. Conclusion and recommendation
This paper has presented hydrological scenarios of Renais-
sance Dam, which is being constructed on the Blue Nile at
the Ethiopian border with Sudan. Estimation of water storage
for the new lake is of utmost importance for downstream as
the Blue Nile contributes approximately 60% of the annual
water budget of the ﬂows received at Aswan Dam in south
of Egypt. Downstream of Atbara in Sudan the Nile no longer
receives any tributary ﬂows and is converted into a system for
reservoirs, barrages, and irrigation channels for perennial cul-
tivations. Although, there will be a signiﬁcant temporal reduc-
tion of ﬂows from the Blue Nile until the reservoir is
completed, but the anticipated shortage of net discharge down-
stream cannot be predicted with much conﬁdence due to the
annual variability of main streams constituting the Nile Sys-
tem, and the absence of reliable data and models that can be
used to determine the ﬂow patterns in the next few years.
Therefore, the impact of Renaissance Dam will be strongly felt
downstream if its completion falls in a low-ﬂood period as it
will require longer duration for ﬁlling the reservoir and vice
versa. Additionally, the hydrological impact of the dam and
its spillway dam will be determined by their speciﬁcations such
as the heights, dead storage capacity and the operational
framework. On the other hand, coordination among Ethiopia,
Sudan and Egypt is necessarily required to ensure that the
speciﬁc ﬂows abstraction upstream of the Renaissance Dam
will be not lower the reservoirs downstream (i.e. Rosaires,
Marwa Dam, Aswan High Dam) to critical levels in such
Figure 8 The simulated lake of Marwa Dam in Sudan. The high coincidence between the lake as appear on the Landsat-8 image (top)
and the SRTM-DEM simulation indicate the reliability of estimation.
74 M. El Bastawesy et al.way affecting their functionality and capabilities to fulﬁll the
required water budgets for the various activities. This can be
achieved by constructing the Renaissance Dam and its spillway
dam over longer duration or to lower their elevations to com-
promise the electric power going to be produced. It is clearly
evident that Ethiopia will beneﬁt from the Renaissance Damas huge electro-power will be generated, and it will retain a
huge reservoir in its border area with Sudan. The downstream
countries may get beneﬁt from the storage of considerable
amounts of sediments upstream, thus maintain the storage
capacities of the downstream reservoirs for longer durations.
Egypt needs to adapt new strategies with its Nile water partic-
Assessment of hydrological changes in the Nile River due to construction of Renaissance Dam 75ularly for the agricultural sector which consumes most of it.
Using more-efﬁcient techniques for irrigation and drainage
system seems very necessary, but the ownerships are of small
areas and highly disseminated thus the installation of new sys-
tems are always costly and met with local difﬁculties and con-
ﬂict of interests. In the mean time, the cooperation among all
the nations sharing the Nile should be more effective and con-
sider the beneﬁts for all parties. It is highly recommended to
start considering the various proposed schemes to increase
ﬂows downstream thorough draining the swamps in South
Sudan and Uganda, and to substitute these wetlands for food
production and grazing.
References
Allen, A., 2002. The Middle East water question: hydropolitics and
the global economy. I B Tauris, London, p. 382.
Ali, R.R., 2014. Scenarios of the Ethiopian Renaissance Dam altitude
and relevant reservoir by using DEM and 3D analysis. Middle East
J. Appl. Sci. 4 (2), 151–156.
Almazroui, M., 2011. Calibration of TRMM rainfall climatology
over Saudi Arabia during 1998–2009. Atmos. Res. 99, 400–414.
Awange, J.L., Shariﬁ, M., Ogonda, G., Wickert, J., Grafarend, E.W.,
Omulo, M., 2007. The falling Lake Victoria water levels: GRACE,
TRIMM and CHAMP satellite analysis of the lake basin. Water
Resour. Manage 27, 775–796.
Band, L.E., 1986. Topographic partition of watershed with digital
elevation models. Water Resour. Res. 22, 15–24.
Beschorner, N., 1992. Water and instability in the Middle East.
International Institute for Strategic Studies, London, p. 82.
Birkett, C.M., 1995. The contribution of Topex/Poseidon to the
global monitoring of climatically sensitive lakes. J. Geophys. Res.
100, 25179–25204.
Bosellini, A., 1989. The East African continental margins. Geology 14,
76–78.
Bubenzer, O., Bolten, A., 2008. The use of new elevation data
(SRTM/ASTER) for the detection and morphometric quantiﬁca-
tion of Pleistocene megadunes (Draa) in the eastern Sahara and the
southern Namib. Geomorphology 102, 221–231.
Chorowicz, J., Ichoku, C., Riazanoff, S., Kim, Y., Cervelle, B., 1992.
A combined algorithm for automated drainage network extraction.
Water Resour. Res. 28, 1293-1032.
Conway, D., 1997. A water balance model of the upper Blue Nile in
Ethiopia. Hydrol. Sci. J. 42, 265–286.
Conway, D., 2000. The climate and hydrology of the upper Blue Nile
River. Geog. J. 166, 49–62.
Drake, N.A., Bryant, R.G., 1994. Monitoring the ﬂooding ratio of
Tunisian playas using advanced very high-resolution radiometer
(AVHRR) imagery. In: Millington, A.C., Pye, K. (Eds.), Environ-
mental Change in Drylands Biogeographical and Geomorpholog-
ical Perspectives. Wiley, London, pp. 347–364.
El Bastawesy, M., 2007. Inﬂuence of DEM source and resolution on
the hydrographical simulation of Wadi Keed catchment, Southern
Sinia, Egypt. Egypt. J. Remote Sens. Space Sci. 9, 68–79.
El Bastawesy, M., 2014. The geomorphological and hydrogeological
evidences for a Holocene deluge in Arabia. Arab. J. Geosci. http://
dx.doi.org/10.1007/s12517-014-1396-9.
El Bastawesy, M., Khalaf, F.I., Arafat, S.M., 2008. The use of remote
sensing and GIS for the estimation of water loss from Tushka
lakes, southwestern desert, Egypt. J. Afr. Earth Sc. 52, 73–80.
El Bastawesy, M., White, K.H., Gabr, S., 2013a. Hydrology and
geomorphology of the upper White Nile Lakes and their relevance
for water resources management in the Nile basin. Hydrol. Process.
27, 196–205. http://dx.doi.org/10.1002/hyp.9216.
El Bastawesy, M., Ramadan Ali, R., Faid, A., El Osta, M., 2013b.
Assessment of waterlogging in agricultrual megaprojects in theclosed drainage basins of the western desert of Egypt. Hydrol.
Earth Syst. Sci. 17, 1493–1501.
French, R.H., Miller, J.J., Dettling, C., Carr, J.R., 2006. Use of
remotely sensed data to estimate the ﬂow of water to a playa lake.
J. Hydrol. 325, 67–81.
Gani, N.D.S., Abdelsalam, M.G., 2006. Remote sensing analysis of the
Gorge of the Nile, Ethiopia with emphasis on Dejen–Gohatsion
region. J. Afr. Earth Sc. 44, 135–150.
Kebede, S., Travi, Y., Alemayehu, T., Marc, V., 2006. Water balance
of Lake Tana and its sensitivity to ﬂuctuations in rainfall, Blue Nile
basin, Ethiopia. J. Hydrol. 316, 233–247.
Korme, T., Acocella, V., Abebe, B., 2004. The role of pre-existing
structures in origin, propagation and architecture of faults in the
Main Ethiopian Rift. Gondwana Res. 7, 467–479.
Mark, D.M., 1984. Automatic detection of drainage networks from
digital elevation models. Cartographica 21, 168–178.
McConnel, R.B., 1972. The geological development of the rift system
of Eastern Africa. Geol. Soc. Am., vol. 83. Bulletin, pp.
2549–2572.
Nicholson, S.E., Some, B., Mccollum, J., Nelkin, E., Klotter, D.,
Berte, Y., Diallo, B.B., Gaye, I., Kpabeba, G., Ndiaye, O.,
Noukpozounkou, J.N., Tanu, M.M., Thiam, A., Toure, A.A.,
Traore, A.K., 2003. Validation of TRMM and other rainfall
estimates with a high-density gauge dataset for West Africa. Part
II: validation of TRMM rainfall products. J. Appl. Meteorol. 42,
1355–1368.
Said, R., 1993. The Nile River: Geology, Hydrology and Utilisation.
Pergamon Press, Oxford, p. 320.
Sutcliffe, J.V., Parks, Y.P., 1999. The Hydrology of the Nile. IAHS
Press, Institute of Hydrology, Wallingford, Oxfordshire (IAHS
Special Publication No. 5).
Sutcliffe, J.V., Petersen, G., 2007. Lake Victoria: derivation of a
corrected natural water level series. Hydrol. Sci. J. 52, 1316–1321.
Swenson, S., Wahr, J., 2009. Monitoring the water balance of Lake
Victoria, East Africa, from space. J. Hydrol. 370, 163–176.
Tate, E.L., Sene, K.J., Sutcliffe, J.V., 2009. Water balances study of
the upper White Nile basin ﬂows in the late nineteenth century.
Hydrol. Sci. J. 46, 301–318.
Williams, M.A.J., 2009. Late Pleistocene and Holocene environments
in the Nile basin. Global Planet. Change 69, 1–15.
Williams, M., Talbot, M., Abdl Aharon, P., Salaam, Y., Williams, F.,
Inge Brendeland, K., 2006. Abrupt return of the summer monsoon
15 000 years ago: new supporting evidence from the lower White
Nile valley and Lake Albert. Quatern. Sci. Rev. 25, 2651–2665.
Wise, S.M., 2000. Assessing the quality for hydrological applications
of digital elevation models derived from contours. Hydrol. Process.
14, 1909–1929.
Wittington, D., Wu, X., Cadoff, C., 2005. Water resources manage-
ment in the Nile basin: the economic value of cooperation. Water
Policy 7, 227–252.
Wolela, A., 2012. Diagenetic evolution and reservoir potential of the
Barremian–Cenomanian Debre Libanose Sandstone, Blue Nile
(Abay) basin, Ethiopia. Cretac. Res. 36, 83–95.
Wolock, D.M., Price, C.V., 1994. Effects of digital elevation map scale
and data resolution on a topographically based watershed model.
Water Resour. Res. 30, 3041–3052.
Xinmei, H., Lyons, T.J., Smith, R.C., Hacker, J.M., 1995. Estimation
of land surface parameters using satellite data. J. Hydrol. Processes
9, 631–643.
Yang, L., Meng, X., Zhang, X., 2011. SRTMDEM and its application
advances. Int. J. Remote Sens. 32, 3875–3896.
Yin, X., Nicholson, S.E., 1998. The water balance of Lake Victoria.
Hydrol. Sci. J. 43, 789–811.
Zhang, W., Montgomery, D.R., 1994. Digital elevation model grid
size, landscape representation, and hydrological simulations. Water
Resour. Res. 30, 1019–1028.
